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Genetic analysis and molecular mapping of powdery mildew
resistance genes of Siyuehuang, a local wheat variety in Shanxi

Province
NIU Huizhen'!, REN Yongkang?, TANG Chaohui?, ZHANG Xiaojun?, NIU Yugqi?

(IJinzhong Agricultural Seed Industry Breeding and Improvement Station; *College of Agricultural, Shanxi Agricultural University, Taiyuan 030031)
Abstract: Wheat powdery mildew is a fungal disease that impacts severely on production of wheat. Identification of wheat
disease-resistant germplasm and exploiting of wheat powdery mildew resistance gene from existing resources is required for
sustainable improvement in disease resistance. In this study, a local wheat variety Siyuehuang with resistance to powdery
mildew was identified from wheat germplasm resources in Shanxi Province. The genetic populations of Siyuechuang crossed
with the powdery mildew susceptible cultivars Jinmai47 was developed to identify and analyze by artificial inoculation of
single species at seedling stage. The resistance gene carried from Siyuehuang was mapped by BSA(bulked segregant analysis)
and 90K SNP(single nucleotide polymorphism) chip scanning. The results showed that the resistance of Siyuehuang to wheat
powdery mildew was controlled by a pair of dominant nuclear genes, and the inheritance pattern was in accordance with
Mendelian inheritance law, temporarily named PmSYH. SNP microarray results showed that polymorphic SNP markers were
mainly concentrated in the 110 ~ 140 Mb segment of the short arm of wheat chromosome 7D. SSR (Simple Sequence

Repeats) molecular markers were developed in this genomic section, and linkage screening was performed by using resistant
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subpopulation and susceptible subpopulation. Six SSR markers linked to PmSYH were obtained, and the F» population of
Jinmai 47 / Siyuehuang was genotyped using these 6 SSR markers. Finally, the Powdery mildew Resistant gene PmSYH was
mapped in the physical section 132.57 Mb ~ 137.47 Mb on the short arm of wheat chromosome 7D. The flanking marker
were Sxau7DS-37 and Sxau7DS-48 with genetic distances 1.8cM and 3.1cM, respectively. Compared with other genes on
wheat chromosome 7D, PmSYH is a new powdery mildew resistant gene. This study enriched wheat powdery mildew
resistance gene resources, which has a certain value for the improvement of wheat powdery mildew in the northern winter
wheat region.
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Table 1 Resistance reaction to bgt E09 of Siyuehuang, Jinmai 47 and their generation groups

U AR A H AR H T4 B b
SEARMEE Number of resistant plants Number of susceptible plants Expected
X P
Parents/Cross A1t A1t ratio of
0 0; 1 2 3 4
Total Total segregation

PWHHE (P) 33 7 - - 40


https://www.kyazma.nl/

TS 47 (Po) - - - - - - 40 40

%% 169 - - - - - - 120 120

Fi(P2/ P1) 65 24 - - 89

Fa(P2/ P1) 92 46 122 3 263 43 46 89 3:1 0.16  0.42

Fi(P1/ P) 71 9 - - 80

BC/F; (Po/P1// P2) 33 26 0 0 59 41 19 60 1:1 0.07  0.28
F, Plants

SYH: VUA; IM47: Tk 47

SYH: Siyuehuan; JM47: Jinmai 47
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Fig. 1 Resistant reaction of Siyuehuang, Jinmai 47 and their F» populations to Pst E09

2.2 SNP R EER 7R
HMH/NZ2 90 K SNP 8/ #E4T BSA 40#. 455K (% 2) BoR, 647 133 /> SNP hric e 2 47/ Y
SR PR b 5 S AR 2 IR I — But 2 A, b 64 ML T 7D Jetadk, SRR 48.1 %,
How 20 G todh F A A, (AECRBD, RN PmSYH 5K A REAL T 7D Jetifhk L.
MR 7D Geth ik B2 Ak SNP ARic i A G SLREAT - T A (181 2), A 25 Msic e i
T 110 Mb ~ 140 Mb X BN, A 10 MricdEH 704 T 570 Mb ~ 610 Mb [XBN,  HERIC oA ELER

OB, B, PmSYH IR AT HEAL T 110 Mb ~ 140Mb [X B¢ 8% 570 Mb ~ 610 Mb [X B .
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Table 2 Number of polymorphic SNPs on wheat chromosomes

Yethfk Z 51 SNP $ H SNP &5 Pt KR Z &5 SNPs (%)
Number of polymorphic Chromosome Proportion of polymorphic
Chromosome SIF\,IPy P Number of SNP length(Mb) P SNP?" y )y P
ChrlA 3 2400 594.10 0.13
ChrlB 3 2957 689.85 0.10
Chr1D 1 2078 495.45 0.05
Chr2A 3 2956 780.80 0.10
Chr2B 8 4144 801.26 0.19
Chr2D 4 2480 651.85 0.16
Chr3A 1 2367 750.84 0.04
Chr3B 8 27438 830.83 0.29
Chr3D 1 1734 615.55 0.06
Chr4A 1 2132 744.59 0.05
Chr4B 2 1995 673.62 0.10
Chr4D 0 1279 509.86 0.00
Chr5A 4 2562 709.77 0.16
Chr5B 7 3124 713.15 0.22
Chr5D 0 2031 566.08 0.00
Chr6A 4 2277 618.08 0.18
Chr6B 1 2502 720.99 0.04
Chr6D 1 1580 473.59 0.06
Chr7A 5 2746 736.71 0.18
Chr7B 12 2453 750.62 0.49
Chr7D 64 2002 638.69 3.20

Total 133 50547 14066.28 0.26
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Fig. 2 Distribution of polymorphic SNPs on wheat chromosomes
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N T — B e PmSYH 15 7D Btk EHEMRIALE, S5 EH LK AT 5] IWGSC Ref Seq
v2.1, FELER 2 DMXB, AR 500 Kb 24K —A SSR ARid, 7E 110 Mb ~ 140 Mb [X BI3LIT % 63
AMFRid, fE 570 Mb ~ 610 Mb X B3 HF & 80 Mnid. MEZE 47/ I H SR Fa BEAA N, 40 HliEE 10
PRALEPURRRAN 10 PRAEA B AR DT B /N4, n Bt BOw SR AE st B E1T PCR
0. 55N 110 Mb ~ 140 Mb X B ) 63 Mric ik i 6 >S50 R LESL K SSR #Rid, 70 alh
Sxau7DS-12 Sxau7DS-23+ Sxau7DS-35. Sxau7DS-37. Sxau7DS-48 F Sxau7DS-60 (hric 151 #0155 B
W# 3D, Hrhrid Sxau7DS-37 1 Sxau7DS-48 (4 45 R4l 3. 1AL 570 Mb ~ 610 Mb [X B ] 80
AMbRiC SRR IAGES . Rltl, W] DA E DY H B BT EOR R R R PmSYH fT 7D G AT

110 Mb ~ 140 Mb [X B P 5 H ff T .
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Table 3 Molecular markers linked with PmSYH

(e SIFEI-3%) PRI (bp) BKIRE(C)

Marker name Primer sequence (5'-3') Product size(bp) Tm(C)
GACGCCCGCTTTGTAATCTA

Sxau7DS-12 149 55
GTCGGGATCGAGTCGACGG
GAAAGCAAACAGGAGGCAT

Sxau7DS-23 376 58
CGTATATGTGAATTGTAT
TAAAGTGACGTTCTTTCGCATT

Sxau7DS-35 166 58
GGATAAAATATAAAAAGGGA
CAACACACTCCCCTCTCGTT

Sxau7DS-37 126 60
CCCACAACTCTTTGTGTTCT
TCTCTCTTTCTTAGTGGGGA

Sxau7DS-48 148 55
GCCTCTCCTTCGGAGCCCAC
CCTCCTCCATTTAGGGATA

Sxau7DS-60 159 58
TCTTGATGATCTATATAG

MPleRE_RVEB_I}'ﬁRRRSSSS.SSSSS}S
200bp—~ - e - [P S W —

ot N — — — — ] S\ Nt Nt
150 bp N o — — s — — — (— (— ) ot et St ] ettt Nt it Nd Nt

— e N (] ' S Nt Nt Nt et S 11 TDS-37
— A S e )
— b M e e b !
100 bp —— et

200 bp 'ﬁ--h-u-----u----w-;--
® » o
¥ *1

e et et e bt e o et £ S D D S
e
S

100 bp— S | _... . s
M: Marker; Pi: PUH3E; Py 532 47, R: UM, S: BOAEIE

Sxau7DS-48

M: Marker; Pi: Siyuehuang; P»: Jinmai 47; R: Resistant Plant; S: Susceptible plant

3 PmSYH RMZESHRICAE F. BHA PR 1B EE
Fig. 3 Amplification profiles of adjacent SSRs at both sides of PmSYH in F, population
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Sxau7DS-48, 5 PmSYH [IBtAEFEE /%A 1.8 cM F1 3.1 cM. HRIE Sxau7DS-37 F1 Sxau7DS-48 [{14)

PALE, ¥ PmSYH ELLT 7D Jetifk | 132.57 Mb ~ 137.47 Mb [X [d],



cM B Mb
] Sxau7DS-12 115.8 Sxau7DS-12
2.6 —
{3 —] Sxau7DS-23 118.9 Sxau7DS-23
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22—
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' PmSYH
3.1 —
Sxau7DS-48 -------- 137.5 Sxau7DS-48
27—
Sxau7DS-60 140.2 Sxau7DS-60
v L ]
W
Centromere

A: PmSYH WAL ER K B: PmSYH ESURICTE/NZ TDS Jetafh b it B i
A: Genetic linkage map of PmSYH; B: Physical map of PmSYH linked markers on wheat 7DS chromosome
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Fig. 4 Genetic and physical maps of PmSYH
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A5 NI, EWAMERE K C NN KL SR KRBT E AL T 100 25T E B R RE RS, Horb
69 NMEEFI B IER M4 (Pml ~Pm69) ). TE/NFE[R) 21 RGL kR b, 530 35 0w AN S5 IR0 DR i 4k
[RBOL, Horp 7D Yethfk B 6 N, 43 BIAALT 7DS () Pmil5. Pm38B, MINCD 1B PmAF7DS™Y,
AT 7DL 1) Pm19 1 Pm29. TAHE T8 28 7€ 5T E Ry 5 ) PmSYH 47T DS Betafk b, 7 Wl
PmSYH 5 &5 JPE FURAL R, R EALT 7DS Jetifk b Pm38. MINCDI ! PmAF7DS HESbRic
AT Z AL . A NCBI W34 Chttps://www.ncbi.nlm.nih.gov/) 3RHL Pm38. MINCD1 #1 PmAF7DS
FIEGFR LIS ME R, SIEREIEE 2 47/ DA SEIB. BONEFR T PCR 471 i3k 47 7% 81
PEOHT. SEREIR, Pm38 WIEDIFRC Xbarc352. Xgwm1220+ Xswml0+ XcsLV34, MINCDI FIZEH]
Frid Xgwm635 Xgpw328- Xcfd41 A PmAF7DS [FER bR Xewm350a. Xbarc184-Xgwm 111 5 PmSYH

BT REM KR . M1 Reddy ZBHF AT %1, MINCDI. PmAF7DS Fl Pm38 s A5 BE B4, 1



fiiF 7DS Hetifk | 100 Mb FIA7 B FHE, 1 PmSYH £ F 7D Yefifhk I 132.57 Mb ~ 137.47 Mb X B,
5 Pm38 % 3 MR MIE R B, HIEES e A RIF ke -, PR A A %%
PLFERIRL . MR Tosa SEBNIHRAE, Pmls RIET 552, AURIKEE (OB B ik, 3/ 8
AN HA P . Reddy ZB3A NFE Chinese Spring 1 Chancellor H #8445 Pml15, i Chinese Spring
A Chancellor X E09 #5& ILA B « AT FLR M, DU H B8/, X E09 RIUATUH , W R PmSYH
5 Pmi15 (FRIFES PSS AME . Bk, PmSYH AFT DS Getafk EHEHUmREER, &— bt
FUB R E A
3.2 PmSYH FE/NEBMFHIRRAE S

R RN AR = X, 80 Y% A b i HE b Ao FOR R LB ERS . PR, R bRk
B PO SR N B R S I BB 55 o T I VR SRR A, 4 e R A R0
S0 PR U B 0 /N 2 R I R AR . ARAE PO SR BRI, R A = BRIk
WA, BTN SR, A 48 AN IER A 4 P ORR S R B OB N, o5 TE 3 4 2
1 50.5%. 55 =k E 5NER —ANSRFHAILEIEFR AT LY, BT/ NER RERE, 8
5 23 /N IE i 4 BIPT A ik R Bl A SR A, 5 E XA 44 BE R 24.2% . 38 =k B R 57 & (Secale)
BTG (Thinopyrum). FEEZIE (Daspyrum) FUKHJE (Agropyron) %5530 /N2 AT 3k
RIALIE AT G Fh, BT /NSRRI, 45 24 A IER 4 M0 bR R R seE A 5 A, 5
IEA A AR 1 25.3%. SRT, SRS T BF AR et i 2R R i 1A R DR B 3 BUR SRz,
i 5N R AR EAR, M LB B /N A IR, filtn, RIR TR B ZE 1 Pm21 /2 20 it
90 AEARWIWE K IIF e A8 B /N2 B IHUR B TROT, b /INZE 1 W95 10 46 K 22 0B ok A LA <l 4 i
P, (AE P 20 4EJ5 & Pm2l IR RIEE WA (R) AL X AR B R B8, ks T
308 /NS B B9 e R D0 T S o A 2 38 B e A2 B L T RS e DRI, MR JE /N i 1Y
LR TN G TR . Oy AR IR E 55 55 N RIEREE P55 T 2 KN AT E SR 4%
RGN M, OREF TR U R BTURR I, B SRR, RN — SRR
FEC S P R R R, V2 EOR AT SR, B0 Pm2e. Pm3b. Pmde. Pm5d. PmSe.
Pm24a. Pm24b. Pm45. Pm47. Pm59. Pm61. Pm63 FEPIPAFIEXR M4, 6 10 KRR EX M4
WPt kRN, W PmTm4 MLxbd PmX PmH. PmHYM. PmHLT. MLmz. PmBYYT. PmSGD-
Pm223899. PmQ “5W0), )z /N M Bie R AMGUR E M. T 3K A LEE &P i —4
W7 RR, HETETE . KSR o BRHE ARSI, (R WL ST b A AR A R
PRI O RPN R E R, W B09 5 RN R B s, Ui WA N B R
R AR AR . ASHIEFC NI 3 38 i 82 1 —ANET R OB B R PmSYH, SRR T W
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